Ecological network theory hypothesizes a link between structure and stability, but this has mainly been investigated in-silico. In an experimental manipulation, we sequentially removed four generalist plants from real plant-pollinator networks and explored the effects on, and drivers of, species and interaction extinctions, network structure and interaction rewiring. Our results indicate that cumulative species and interaction extinctions increased faster with generalist plant loss than what was expected by co-extinction models, which predicted the survival or extinction of many species incorrectly. In addition, network nestedness decreased, modularity increased, and opportunistic random interactions and structural unpredictability emerged, which are all indicators of network instability and fragility.
and network structure. After plant removal, if foragers will predominantly increase their use of alternative resources (i.e., high rewiring), then network compartmentalization (modularity) will likely decrease, because new interactions might happen with different kinds of resources (i.e., across different compartments) 27 . The other expectation is based on the central position that generalist plants cover in the networks (i.e. hubs 28 ). The loss of central nodes, that maintain network cohesiveness and links different modules 3 , would break a network down to isolated subnetworks or compartments following generalist plant removal.
Here, we investigated (a) if the rate of real species and interactions extinction is similar to simulations from established co-extinction models;
(b) alterations in the structure of plant-pollinator networks and the rate of interaction rewiring emerging during the plant removal; and (c) what ecological factors mediates these changes.
Methods
The study included three treatment sites and one control site, located at a mean distance of 2. 48°49'26.8''N-14°16'26.2''E). Each site was a small grassland with a barrier of trees to likely limit pollinator movements to the surrounding landscape (see details in 25 ). Due to the high mobility of pollinators, we deemed that an experimental design based on small within-site treatment plots would not be appropriate (e.g. 29 ). Hence, the experiment consisted of sequentially removing all inflorescences of the most generalist plant species from the entire surface of the treatment sites, one species at a time until four species were removed (see details in 25 ).
We sampled flower-visiting insects in six 10m x 1m transects per site during two days for each experimental phase (before and after each species was removed), and synchronously in the control site.
After each "before" phase, flower-visitors were counted and this was used as a proxy of generalization to determine which plant species should be removed next; as detailed in 25 , this proxy was reliable and in fact we later verified that these plants were visited by the most diverse set of pollinators, similarly to 13 . We identified all insects to species where possible, otherwise morpho-species were used when necessary (after pre-sorting into families and genera). In addition, we counted the number of flowers or inflorescences of all plant species within transects over the sampling period.
Species co-extinctions
We compared the rate of pollinator and of interaction extinctions from the field after the removal of each generalist plant to what was expected from two co-extinction models, the Topological (TCM 7 ) and the Stochastic coextinction models (SCM 10 ). TCM is based on the topology of a qualitative binary network and secondary extinctions (i.e. pollinators) are considered as when a species has no surviving partners after a primary extinction (i.e. plant extinction) has occurred. The SCM uses quantitative data, as it calculates an extinction probability based on the interaction strength between species and the dependency on the interaction (R), and allows cascading extinction chains 10 . Separately for each plant removal stage of the treatment sites, these coextinction models were triggered by removing the same generalist plant species as the field manipulations, and the number of extinctions were counted. In the SCMs, we ran 10 3 SCM simulations, and, following 30 , we assigned random R values to plants and pollinators.
We counted as extinctions the number of pollinators or the amount of interactions recorded before a plant removal that did not occur after a plant removal, for both the observed networks and the model predictions. To avoid overestimations, in the observed networks we considered (i) as extinct species, those pollinators that had interacted with the plant targeted by removal that were not recorded after the removal, and (ii) as extinct interactions, the difference in the amount of interactions after excluding the species unique to the after phases. In addition, all singletons (i.e. species with interaction abundance of 1) were removed from the observed networks and also from the simulations, to avoid overestimations due to species with extremely small populations and sampling stochasticity 31 . We tested the trends in the cumulative extinctions of species or of interactions during the sequential removal as proportions of the total pollinator richness or of the total interaction quantity with generalized mixed models in the glmmTMB package 32 in R 33 . The number of pollinator extinctions (or of interactions) was the response variable, the number of removed plant species was included as a numerical predictor and the observed/TCM/SCM was a categorical one, the total number of pollinators (or of interactions) was an Offset term 34 ; site identity was used as a random intercept.
In addition, we also recorded the amount of species extinctions predicted by the models that were true positives (predicted extinctions which happened in the observed networks), false positives (predicted extinctions which did not happened), true negatives (extinctions not predicted which did not happen in the observed networks) or false negatives (extinctions not predicted which did happen in reality) with both TCM and each SCM simulation at each plant removal stage.
Networks indices and beta-diversity components
We assembled interaction matrices for each stage of We quantified the turnover of interactions across the removal stages using the approach developed in 37 removed, and so forth) with Whittaker's betadiversity index and its components extracted with the package betalink 38 . Values for these indices range from 0 to 1; higher values indicate higher turnover or rewiring.
Two types of interaction matrix were used for the turnover analyses; one, as in 37 , uses binary matrices and focuses on the number of interaction links per species. In addition, to account for the frequency of interactions, we also employed a quantitative version of beta-diversity that is calculated as above 21 ; these values were obtained as detailed in 25 by sampling nectar from flowers bagged for 24h and with high performance anion exchange chromatography. For each matrix, probabilities were obtained by dividing the cells of the matrices by the matrix sum. In addition, the interactions of these drivers were included by building models based on multiplying two or three of the matrices described above, specifically: AxM, AxS, MxS, and AxMxS. We 
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Results
The plant-flower visitor networks of the experimental sites were similar in species richness (plants P=28, pollinators I=157 in Site1; P=24, I=171 in Site2; P=20, I=106 in Site3).
Species co-extinctions
The Among pollinator species which went extinct in the field experiment, on average 85.33% (range Table 1 ). However, when the values from the control site were used as an offset, the statistical significance of the increase in modularity and decrease in nestedness was confirmed, but the significance of specialization was not confirmed (Table 1 ). The trends of other network indices were not significant during the sequential plant removal.
In the species-level indices, plants and pollinators responded differently (Fig. 2 , Table 1 ). Only the plant Connectivity increased significantly, while plant Participation and the pollinator indices were nearly constant during the sequential plant removal.
The interaction turnover was high in both Table 1 .
quantitative and binary versions (Fig. 3) , with a larger proportion attributable to rewiring than to species turnover; however, no statistically significant trend was found in these indices in response to the treatment ( Table 1) .
Drivers of network structure and interaction turnover
In the likelihood analysis (Table 2) In the networks and beta-diversities ( Fig. 4 , and the observed network or beta-diversity indices and the confidence intervals of 10 3 simulations generated from probability matrices (in columns; model acronyms are described in the Methods.). Colours symbolize the number of sites being predicted correctly: red is for correct prediction in 3 sites, orange is for 2 sites and pink is for 1 site.
Discussion
In our study, after removing generalist plants from real plant pollinator networks, both species and interaction extinctions increased more than expected from co-extinction models. As far as we know, previous studies have only used in-silico estimation of extinctions 8, 33, 34 , but our experiment clarifies that TCM and SCM underestimated species extinction rates, and the rate of false positives and false negatives was high in relation to the identity of the species that were lost. Furthermore, these models underestimated the rate of interaction loss, which is a major flaw of currently available simulations, an issue that has been already pointed out 11 .
Altogether, field experiments such as the one we performed have a big potential for validating, rejecting or refining the theoretical insights gained by simulation models, and could trigger further development of more accurate models on network functioning, stability and co-extinction rates. We speculate that the differences between predicted and observed extinctions of this study could be due to ecological factors not accounted for by the coextinction models 35 . The two simplest possible explanations might be that, firstly, the treated sites became progressively less attractive to foraging pollinators which emigrated even when resources they were using were still available, because pollinators are attracted by total flowering plant richness and abundance (e.g. 47 ). Another possible explanation is that plant removal made the network structure became more fragile, so that species would became less anchored to other species in the interaction web and more exposed to extinction 37, 38 .
In our study, the removal of generalist plants clearly impacted network structure. The structure of a plant-pollinator network after a disturbance can provide information on its functionality thanks to the ecological interpretation of network indices 30, 31 . For example, networks usually organize in nested patterns where generalists interact with both specialists and other generalists, but the decrease of nestedness after a perturbation could indicate a loss of interactions mainly affecting the specialist species 32 . In our study, the loss of generalist plants triggered a decrease of nestedness and an increase of modularity. These trends could relate to the fact that specialisation also increased during the successive plant species removal, possibly as a result of decreased pollinator abundances as previously shown by 26 , i.e. reductions in the number of interactions triggers changes in network structure 39, 40 . Specifically, the observed decrease of nestedness is a possible symptom of instability 5 because specialist species are less connected to the generalist network core 30 . Concurrently, the length, suggesting that trait matching is relevant in defining modules 21, 43, 44 ; nestedness being predicted by the interaction of morphological matching and sugar amount in the nectar, which confirms that trait matching allows an efficient resource gathering 45, 46 ; 
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